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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an ink detector for 
a liquid-ink printing element, and more particularly to an 
ink detector for indicating when a minimum amount of 
ink remains in the reservoir which feeds an ink-jet print 
head. 

In thermal ink-jet heads, which are well known in the 
art, the nozzles, the spray chambers and the heating ele- 
ments are formed on a multi-layer silicon-based chip 
manufactured by the known processes of vacuum dep- 
osition employed in the manufacture of integrated cir- 
cuits. 

In the case of multiple-nozzle heads, the various 
spray chambers are connected in parallel to a common 
collecting channel. This is connected in turn through a 
feed duct to a reservoir or replaceable ink cartridge. 

An example of a multiple-nozzle thermal ink-jet print 
head is described in US Patent No. 4,812,859, in which 
a multi-layer silicon-based chip containing the spray 
chambers, the heating elements and the nozzles is 
attached directly to the ink reservoir. The reservoir con- 
tains a sponge impregnated with ink and is mounted on 
the carriage of a printer. 

The use of sponges to reduce and stabilise the 
hydrostatic head in the outlet duct of an ink reservoir is 
also known from US Patent No. 4,630,758, in which it is 
shown that the sponge causes a pressure drop in the 
reservoir outlet duct by capillary action. 

In European Patent Application published under No. 
408,241 on 1 6 January 1 991 , a thermal ink-jet print head 
is described in which the ink reservoir is of the replace- 
able cartridge type and is inserted on a support to which 
is fixed the multi-layer silicon-based chip containing the 
spray chambers, the heating elements and the nozzles. 
The cartridge contains an ink-soaked sponge and is able 
to form a fluid connection with the support to supply ink 
to the multi-layer chip. 

However, the patents cited above make no mention 
of possible ways of monitoring the amount of ink remain- 
ing in the cartridge. 

A number of devices for monitoring the amount of 
ink contained in a reservoir feeding a print head are 
known from US Patents Nos. 4,183,029, 4,196,625 and 
4,202,267. 

These patents relate in particular to feed reservoirs 
that are completely filled with ink and do not use a 
sponge. Electrodes are arranged in pairs on the floor of 
the reservoir next to the outlet duct, or, as in patent 
4,183,029, directly inside the feed duct between the res- 
ervoir and the print head. 

Measuring circuits connected to the electrodes 
measure the variation in the resistance of the ink 
between each pair of electrodes, and this corresponds 
to the decrease in the amount of ink remaining in the res- 
ervoir. When the electrodes become uncovered by the 



ink, the measuring circuit indicates that the ink has run 
out. 

In these devices, the resistance of the ink varies 
slowly as the ink in the reservoir is used, and suddenly 
5 climbs to a very high level when the ink is finished. 

It is therefore very difficult to determine when one 
has arrived at a minimum amount of ink before it is 
exhausted, so as to replace the cartridge or reservoir. 
What is more, these devices cannot be adapted to 
10 reservoirs and/or cartridges containing an ink-soaked 
sponge, even if high-quality sponges are used such as 
those with a three-dimensional cross-linked structure of 
melamine-formaldehyde resin, as described for example 
in US Patent No. 4,929,969. 
is In this case, the balance between the capillarity of 
the nozzles and the capillarity of the terminal area of the 
sponge, close to the floor of the container, causes print 
deterioration or stoppage before the sensors on the floor 
of the container or in the outlet duct detect a significant 
20 rise in the increase of the resistance of the ink. 

There is also known, from the European Patent 
Application published under No. 370,765, another kind 
of end-of-ink detector formed by two electrodes placed 
in the ink feed duct leading to the spray chambers of a 
25 thermal ink-jet print head. One electrode is sited close 
to the spray chamber, while the other electrode is 
arranged upstream, towards the reservoir. Adetector cir- 
cuit indicates variations in the resistance of the ink 
between the two electrodes. 
30 This type of detector, when applied to a reservoir 
containing an ink-soaked sponge, has the same disad- 
vantages as indicated above. 

The European Patent Application published under 
No. 0444861 on 4th September 1991 was filed on 26th 
35 February 1 991 and therefore falls within the terms of arti- 
cle 54(3) EPC. It describes an ink cartridge which com- 
prises an ink storage section containing an ink-soaked 
sponge-like absorbing member, and two ink-detecting 
systems for detecting the amount of ink remaining in the 
40 cartridge. 

The primary ink-detecting system comprises a heat 
generating element provided within a liquid chamber 
communicating with the recording head and with the ink 
storage section. A detection circuit is provided for meas- 
45 uring the electrical resistance of the heat-generating ele- 
ment, which varies in dependence on the amount of ink 
in the liquid chamber. 

The secondary ink-detecting system comprises two 
stainless needles inserted into the sponge-like absorb- 
so ing member and a second detection circuit for measuring 
the electrical resistance of the ink between the two nee- 
dles. 

As the amount of ink in the cartridge falls during use, 
the resistance between the stainless needles changes. 
55 This is detected by the second detection circuit. When 
the resistance reaches a predetermined level the second 
detection circuit sends a signal to the first detection cir- 
cuit, which triggers it to apply pulsed electric power to 
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the heat generating element in order to detect accurately 
the exhaustion of the ink in the liquid chamber. 

SUMMARY QF THE INVENTION 

The present invention provides an ink detecting 
device for a liquid-ink printing element as defined in the 
appendent independent claim. Preferred features of the 
invention are defined in dependent sub-claims. 

The invention may thus advantageously provide a 
simple device for giving reliable advance warning of the 
arrival at a minimum amount of ink, before print deterio- 
ration occurs or, worse still, a sudden interruption in the 
printing. 

In a preferred embodiment of the invention 
described in more detail below, the spongy materia) com- 
prises a first region having a first capillarity and a second 
region adjacent to the feed duct or outlet channel from 
the reservoir and having a second capillarity that is 
greater by 30% to 100% than the first capillarity. 

The amount of ink in the reservoir can conveniently 
be detected by connecting a measurement bridge to the 
electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention will be 
made clearer in the following description of a preferred 
embodiment, which is given by way of non-limiting illus- 
tration, with reference to the drawings, in which: 

Figure 1 shows an ink container of replaceable type, 
inserted in its support and including an ink detecting 
device embodying the invention; 
Fi gure 2 shows a front view of the ink container only 
of Figure 1; 

Figure 3 shows a section taken through the line Ill- 
Ill of Figure 2; 

Figure 4 is a diagram showing the pressure drop of 
the ink and of the gradient of the ink resistance; 
Figure 5 shows a circuit for measuring the resistance 
of the ink; and 

Figure 6 shows the electrodes in a different position 
from Figure 2. 

DETAILED DES CRIPTION OF THE PREFERRED 
• EMBODIMENT 

Figure 1 refers to art ink reservoir formed by a tank 
or replaceable-type cartridge 10. The cartridge 10 is 
inserted into a support structure 1 2 mounted firmly on a 
bearing surface 14 of a carriage in a thermal ink-jet 
printer (not shown in the drawings). 

The cartridge 10 comprises four flat, rigid side walls 
16 joined hermetically to a floor 18 and to a top lid 20. 
The walls 16, the floor 18 and the lid 20 together define 
a cavity 22 for holding a spongy body or sponge 50 
impregnated with a certain amount of ink. The sponge 
50 is made of a polyurethane material or any other kind 



of spongy material having regular capillarity and exhibit- 
ing chemical inertness in contact with printing inks. 

An outlet channel 24 is formed inside the cavity, 
comprising a curved wall 26 projecting perpendicularly 

5 from the floor 18 and a chamber 25 defined within the 
wall. The chamber 25 is also bounded on one side by a 
portion 1 6' of one of the side waHs 1 6. The chamber 25 
is separated from the cavity 22 by means of a filter ele- 
ment 28, while a soft rubber diaphragm 29 is seated in 

10 an aperture 30 in the floor 18 to close off the bottom of 
the chamber 25. 

When the cartridge 10 is inserted into the support 
12, a needle-like tubular connecting element 32 perfo- 
rates the diaphragm 29 and puts the chamber 25 in com- 

75 munication with a feed duct 34 formed in the support 12. 
The duct 34 feeds the ink to a thermal ink-jet print 
head of a type known in the art and consisting of a chip 
40 attached to one end 42 of the support 1 2 to close off 
the duct 34. The chip 40 is manufactured by the known 

20 method used for integrated circuits and comprises a 
series of nozzles 45 directed at the printing stock 46. 

The use of a sponge, however, poses problems 
owing to the irregularities and defects of the internal 
holes and channels of the sponge. Owing to these irreg- 

25 ularities and defects of the channels the ink may drain in 
a non-uniform manner, causing an uneven lowering of 
the ink level. 

In certain cases selective draining has been 
observed to occur predominantly through areas of the 

30 sponge having channels with low capillarity, and only 
afterwards through areas with greater capillarity. As a 
result of this uneven draining, very often areas having 
channels with low density drain completely and let the 
ambient pressure communicate with the outlet duct, 

35 thereby facilitating the entry of air into the outlet duct. 

These anomalies cause the flow of ink to the spray 
chambers to be interrupted ahead of time and printing to 
be interrupted suddenly and completely. Also the subse- 
quent operation of the head is endangered owing to the 

40 formation of air bubbles in the duct 34 which should be 
kept completely full of ink at all times. The cartridge is 
therefore unusable and must be replaced, which of 
course means a waste of ink. 

To avoid the above-mentioned problems, the spongy 

45 body or sponge 50 is compacted in the lower part of the 
cavity 22 in such a way as to form in the space around 
the chamber 25 a region A where the sponge 50 is rela- 
tively more compressed. This region A is basically con- 
centric and has increasing capillarity with decreasing 

so distance from the fitter 28. As an indication, Figures 1 to 
3 and 6 show region A bounded by a broken line 51 rep- 
resenting a dome-like surface wrapped around the 
chamber 25 at a distance from the wall 26 and from the 
filter 28 approximately equal to the radius r (Figure 3) of 

55 the channel 24. 

Normally the capillarity of the sponge 50 in uncom- 
pressed areas outside the surface 51 creates a pressure 
drop Po of between 10 and 17 cm of a column of water 
(c.w). 
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To ensure even draining throughout the body of the 
sponge 50, the sponge 50 should be compressed in the 
region A of maximum capillarity in such a way as to cre- 
ate a pressure drop P1 that is greater by 30% to 100% 
than the pressure drop Po when the ink fills the region A 
only. 

Naturally, in a region B bounded by a broken line 52 
and intermediate between the most compressed region 
A and the uncompressed region, the sponge 50 will 
assume a capillarity corresponding to an intermediate 
pressure drop between Po and P1. 

Alternatively the spongy body forming the region A 
may be replaced by a portion of spongy material having 
a denser structure, while its size and capillarity are equiv- 
alent to those indicated for the region A, surrounded by 
a sponge of normal capillarity of the type present in the 
uncompressed region of the sponge 50. 

In this way the draining of the ink proceeds gradually 
and uniformly, beginning with the regions furthest from 
the chamber 25 where the capillarity is low, for example 
near the lid 20. Draining then continues through the 
region B, and the region A is the last to be drained of its 
ink. 

By virtue of the relatively higher capillarity of the 
region A, the pressure drop of the ink in the outlet chan- 
nel 24 stays around values of approximately 10 to 1 7 cm 
(c.w), ensuring correct operation of the print head 40 
(Figure 1). This is because the pressure drop in the noz- 
zles 45 caused by their capillarity is of the order of 25 to 
60 cm (c.w), so that for the whole of the time that the 
cartridge 10 is draining, the ink is fed to the chip 40 
through the duct 34 with a pressure drop sufficient to 
maintain the meniscus in the nozzles 45 in equilibrium, 
for correct operation of the head. 

Figure 4 reproduces a diagram P of the pressure 
drop as a function of the percentage of draining of the 
ink, measured in the duct 34 in cm of a column of water. 
It can be seen that the pressure drop P increases slowly 
until the draining of the cartridge reaches the border of 
the region A (line 51) at approximately 90 to 95% of the 
total. Thereafter the pressure drop increases more rap- 
idly, tending towards values comparable with those cor- 
responding to the capillarity of the nozzles of the head. 

To prevent this happening and to give suitable warn- 
ing of the imminent exhaustion of the ink, the cartridge 
10 is equipped with a pair of sensors or electrodes 54 
(Figure 2). 

The pin-shaped electrodes 54 are fixed to the floor 
18 perpendicularly thereto and in diametrically opposite 
positions with respect to the axis of the outlet channel 
24. The uppermost tips 56 of the electrodes 54 are set 
within the sponge 50 in a position situated inside the 
region A, so that they are bathed by the ink flowing 
through the compressed sponge region of greater capil- 
larity. It has been found experimentally that the tips 56 
should preferably be placed inside the region A at a dis- 
tance d from the wall 26 that is no greater than the radius 
r of the outlet channel 24. 



Each electrode 54 is immersed for most of its length 
in the wall 26 to leave uncovered only the tips 56 in con- 
tact with the ink. 

The electrodes 54 project from the floor 18 with an 

5 enlargement 55 generous enough to guarantee a good 
electrical connection with corresponding contacts (not 
shown) situated on the support 12 in order to electrically 
connect the electrodes 54 to a detection circuit, shown 
in Figure 5. The detection circuit comprises a bridge 

w arrangement formed by resistors R, R1 , R2, R3. The 
resistor R represents the resistance of the ink found 
between the tips 56 (Figures 2 and 6) of the electrodes 
54. One of the two el ectrodes 54 is connected to the node 
M of the bridge, while the other electrode is taken to earth 

15 through a transistor T which is normally non-conducting. 
Across a diagonal MN of the bridge a comparator 60 is 
inserted, its output being connected to a monitoring cir- 
cuit 62 which triggers an alarm AL when the comparator 
emits a signal, for example at high logic level. The bridge 

20 is supplied with a voltage +V and the values of the resis- 
tors R1 , R2 and R3 are so chosen that when the sponge 
50 (Figure 2) is fully soaked with ink, and hence the 
resistance R has a relatively low value, the voltage at the 
node M (Figure 5) is less than the reference voltage at 

25 the node N. In this condition the comparator 60 is there- 
fore inactive. 

As the ink in the sponge 50 (Figure 2) decreases, 
the resistance R increases slowly (Figure 4) until sud- 
denly rising (section F-G in Figure 4) when only the 

30 region A (Figure 2) is still ink-soaked. In the diagram of 
Figure 4, the ordinates on the left represent the ratio 
R/Ro between the resistance R of the ink measured 
between the electrodes 54 during draining and the value 
Ro of this resistance measured when the reservoir is 

35 filled with ink. The values of R and Ro can of course vary 
according to the type of ink used, the values of the resis- 
tivity of which are normally between 100 and 500 
ohm/cm. 

In this condition the voltage on the node M is greater 

40 than the reference voltage and the comparator 60 is acti- 
vated to signal via the alarm AL (Figure 5) the imminent 
exhaustion of the ink, in advance, before the first symp- 
toms of malfunctioning of the print head appear. 

The transistor T, which is normally non-conducting, 

45 prevents electrical current from continuing to flow 
through the ink which could be affected by electrochem- 
ical phenomena. A signal U turns on the transistor T at 
suitably-spaced intervals for as long as is required to per- 
form the comparison of the voltages between M and N. 

so As an alternative, the electrodes 54 may be 
arranged in different positions from those indicated in 
Figures 1 to 3, for example (Figure 6) they may be fixed 
to the side walls 1 6, both on the same side or on opposite 
sides, provided that the tips 56 are located within the 

55 region A of the sponge 50, preferably at a distance d from 
the upper rim of the wall 26 that is no greater than the 
radius r of the channel 24. The electrodes 54 comprise 
a stem 58 covered by insulating material except on the 
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tips 56, to ensure electrical contact with the ink exclu- 
sively in the region A. 

An inkdetecting device embodying the invention can 
also be usefully employed on any kind of ink-using writing 
element, for example writing elements using a continu- s 
oust low of ink, or an ink-jet print head, whether they have 
their reservoir separable from the writing element, or are 
of the disposable variety in which the writing element is 
mounted directly on the reservoir. 

It will be understood that in the ink detecting device to 
parts may be added or replaced and shapes altered with- 
out thereby departing from the scope of the present 
invention. 

Claims is 

1 . An ink-detecting device for a liquid-ink printing ele- 
ment, comprising; 

a reservoir (10) containing an ink-soaked 
spongy body (50) having a first region of a first cap- 20 
illarity and a second region of a second capillarity 
greater than the first capillarity; 

an outlet channel (24) extending from a por- 
tion of the reservoir adjacent to the second region of 
the spongy body for carrying ink from the reservoir 25 
towards a print head (40); and 

two electrodes (54), at least a portion of each 
electrode being positioned within the second region 
of the spongy body and set in electrical contact with 
ink contained therein. so 

2. A device according to claim 1, in which the elec- 
trodes (54) are each set at a distance (d) from an 
opening of the outlet channel into the reservoir that 

is no greater than a radius (r) of the outlet channel. 35 

3. A device according to claim 1 or 2, in which the elec- 
trodes are fixed to a floor (1 8) of the reservoir in dia- 
metrically-opposed positions with respect to an axis 

of the outlet channel (24). 40 

4. A device according to any preceding claim, in which 
the electrodes are each fixed to a side wall (16) of 
the reservoir. 

45 

5. A device according to any preceding claim, in which 
at least one electrode comprises a stem portion (58) 
covered by insulating material and a bare tip portion 
(56) in electrical contact with ink contained in the 
second region of the spongy body. so 

6. A device according to claim 5, in which the insulating 
material comprises a portion of an internal or exter- 
nal wall or the floor of the reservoir. 

55 

7. A device according to any preceding claim, in which 
the electrodes are coupled to a measurement bridge 
for measuring the electrical resistance between 
them. 



8. A replaceable ink cartridge for an ink-jet print head 
comprising an ink-detecting device as defined in any 
preceding claim. 

9. An ink-jet print head comprising a replaceable ink 
cartridge as defined in claim 8. 

10. An ink-jet printing apparatus comprising an ink-jet 
print head as defined in claim 9. 

PaterttansprQche 

1. Eine Vorrichtung zur Tintenerfassung for ein Flus- 
sigtintendruckelement, aufweisend: 

einen Vorratsbehaiter (10), der einen tirrten- 
getrankten SchwammkOrper (50) enthait, wobei die- 
ser einen ersten Bereich mtt einer ersten Kapillarrtat 
und einen zweiten Bereich mit einer zweiten Kapil- 
larrtat, welche grOGer ist als die erste Kapillaritdt, 
hat; 

einen AuslaBkanal (24), der sich von einem 
Teil des Vorratsbehaiters, der an den zweiten 
Bereich des Schwammkdrpers angrenzt, urn Tinte 
aus dem Vorratsbehaiter zuzufuhren, in Richtung 
auf einen Druckkopf (40) hin erstreckt; und 

zwei Elektroden (54), wobei wenigstens ein 
Teil jeder Elektrode im zweiten Bereich des 
SchwammkOrpers angeordnet ist und in elektri- 
schem Kontakt mitderdarin enthaltenen Tinte steht. 

2. Eine Vorrichtung nach Anspruch 1 , bei der die Elek- 
troden (54) jeweils in einem Abstand (d) von einer 
Offnung des AuslaBkanals zum Vorratsbehaiter 
angeordnet sind, der nicht grOBer als der Radius (r) 
des AuslaBkanals ist. 

3. Eine Vorrichtung nach Anspruch 1 oder 2, bei der 
die Elektroden auf einem Boden (18) des Vorratsbe- 
haiters an diametral gegenuberliegenden Orten 
bezOglich der Achse des AuslaBkanals (24) ange- 
bracht sind. 

4. Eine Vorrichtung nach einem der vorhergehenden 
AnsprQche, bei der jededer Elektroden an einer Sei- 
tenwand (16) des Speichers angebracht ist. 

5. Eine Vorrichtung nach einem der vorhergehenden 
AnsprQche, bei der mtndestens eine Elektrode einen 
stabfOrmigen Teil (58), der mit Isoliermaterial abge- 
deckt ist und einen blanken vorderen Teil (56), der 
in elektrischem Kontakt mit der Tinte steht, die im 
zweiten Bereich des SchwammkOrpers enthalten 
ist, aufweist. 

6. Eine Vorrichtung nach Anspruch 5, bei der das Iso- 
liermaterial einen Teil der inneren oder auBeren 
Wand oder des Bodens des Vorratsbehaiters dar- 
steiit. 
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7. Eine Vorrichtung nach einem der vorhergehenden 
AnsprOche, bei der die Elektroden mit einer Me3- 
brucke fur die Messung des elektrischen Widerstan- 
des zwischen ihnen verbunden sind. 

5 

8. Eine auswechselbare Tintenpatrone fOr einen Tin- 
tenstrahldruckkopf, die eine Vorrichtung zur Tinten- 
erfassung aufweist wie in jedem der 
vorhergehenden Anspruche def iniert. 

10 

9. Ein Tintenstrahldruckkopf , der eine auswechselbare 
Tintenpatrone aufweist wie in Anspruch 8 angege- 
ben. 

10. Ein Tintenstrahldrucker, der einen Tlntenstrahl- is 
druckkopf aufweist wie in Anspruch 9 angegeben. 

Revendications 

1. Dispositif d&ecteur d'encre pour un element 20 
d'impression k encre liquide, comprenant : 

un reservoir (10) contenant un corps spon- 
gieux (50) impr6gn6 d'encre ayant une premiere 
region poss6dant une premiere capillarity et une 
seconds region poss6dant une seconde capillarity 25 
superieure k la premiere capillarity ; 

un canal de sortie (24) qui s'etend d'une por- 
tion du reservoir adjacente k la seconde region du 
corps spongieux pour transporter I'encre du reser- 
voir vers une tSte d'impression (40), et 30 

deux yiectrodes (54), au moins une portion 
de chaque Electrode etant position nee dans la 
seconde region du corps spongieux et mise en con- 
tact yiectrique avec I'encre qui y est contenue. 

35 

2. Dispositif selon la revendication 1, dans lequel les 
yiectrodes (54) sont placyes chacune k une dis- 
tance (d) d'une ouverture du conduit de sortie 
dybouchant dans le reservoir qui n'est pas supe- 
rieure k un rayon (r) du canal de sortie. 40 

3. Dispositif selon la revendication 1 ou 2, dans lequel 
les yiectrodes sont f ix6es au plancher (1 8) du reser- 
voir dans des positions diamytralement opposees 
par rapport k I'axe du canal de sortie (24). 45 

4. Dispositif selon une quelconque des revendications 
prycydentes, dans lequel les yiectrodes sont fixyes 
chacune k une paroi latyrale (16) du ryservoir. 

50 

5. Dispositif selon une quelconque des revendications 
prycydentes, dans lequel au moins une yiectrode 
comprend une portion tige (58) recouverte de 
mature isolante et une portion pointe nue (56) en 
contact yiectrique avec I'encre contenue dans la 55 
seconde rygion du corps spongieux. 



6. Dispositif selon la revendication 5, dans lequel la 
matiyre isolante comprend une portion d'une paroi 
intyrieure ou extyrieure ou du plancher du ryservoir. 

7. Dispositif selon une quelconque des revendications 
prycydentes, dans lequel les yiectrodes sont cou- 
piyes k un pont de mesure destiny k mesurer la 
resistance yiectrique existant entre ces yiectrodes. 

8. Cartouche d'encre interchangeable pour une t£te 
d'impression k jet d'encre, comprenant un dispositif 
de detection de I'encre tel que def ini dans une quel- 
conque des revendications prycydentes. 

9. TSte d'impression k jet d'encre comprenant une car- 
touche d'encre interchangeable telle que definie 
dans la revendication 8. 

1 0. Appareil d'impression k jet d'encre comprenant une 
t§te d'impression k jet d'encre telle que definie dans 
la revendication 9. 
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